I N T RO D U C T I O N
Biogeographic studies of mesozooplankton distribution patterns demonstrate that community composition is typically water mass-specific (Mackas 1984; Froneman and Pakhomov, 1998; Coyle and Mackas, 2005) . However, tolerance to salinity and temperature varies between species, and might result in more cosmopolitan patterns of spatial distribution in certain species (Reynolds, 1993; Hughes, 2000) . Thus, several studies have linked changes in mesozooplankton species composition to long-term variation of cyclical climate and oceanic patterns (Beaugrand et al., 2002; Mackas et al., 2007) .
Air and ocean temperatures in the eastern Canadian sub-Arctic and Arctic regions are currently warming at a rate of two to three times that of the global average (International Panel on Climate Change, 2007 ). An increased volume of northward-flowing Atlantic water into the eastern Arctic is also causing a major heat advection within this marine system (Spielhagen et al., 2011) . It is anticipated that these rapid and pronounced hydrological changes will: (i) trigger dramatic shifts in the biogeography of arctic zooplankton communities (Beaugrand, 2009; Wassmann et al., 2011) ; (ii) influence key lower trophic level interactions (i.e. transfer efficiency; Carmack and Wassmann, 2006) ; and (iii) affect the productivity of higher trophic levels (i.e. fisheries; Reid and Edwards, 2001; Edwards et al., 2002; Beaugrand et al., 2003; Heath, 2005) .
To gain greater insight into how high-latitude marine ecosystems will respond to continued environmental change, we must identify the specificity of mesozooplankton species assemblages to water masses in ways that go beyond taxonomic characterization. The stable isotope (SI) ratios of carbon (d 13 C) and nitrogen (d 15 N) as trophic markers (Post, 2002) represent a useful tool to complement taxonomic composition studies. Group-specific isotopic signatures allow tracking of energy sources (Hobson, 1999) and provide important information about the flux of energy through food webs (Post, 2002) . The very few studies that have examined large-scale spatial patterns of isotope ratios for Arctic zooplankton species have focused on single species and/or single taxa in specific areas, which include: (i) northern Baffin Bay (NOW polynya; Tidmarsh, 1973; Sameoto, 1984) ; (ii) Lancaster Sound/Barrow Strait area (Sekerak et al., 1976; Buchanan and Sekerak, 1982; Longhurst, 1984; Sameoto, 1986) ; and (iii) along the western side of Greenland and the Labrador Sea (Head et al., 2003) . To our knowledge, no study has investigated how mesozooplankton community composition varies among the different regions of the eastern Arctic (i.e. boreal to sub-Arctic and Arctic areas).
Here, we present data on mesozooplankton species assemblages and isotopic characteristics by sampling along a large transect extending from the southern Labrador Sea to the Central Canadian Arctic Archipelago. The aim of this study was 2-fold: (i) to define biogeographic domains in terms of physical parameters (water temperature and salinity) and zooplankton species composition; and (ii) to examine how spatial patterns of carbon and nitrogen isotope ratios vary with biophysical groupings. This spatial characterization is part of the larger suite of biological, chemical and physical measurements made during the IPY-Canada's Three Oceans project [2007] [2008] .
M E T H O D Zooplankton collection and identification
Biophysical measurements (zooplankton and temperature-salinity) were carried out along two transects extending from: (i) Halifax, NS, to Kugluktuk, NU (21 stations; CCGS Louis S. St-Laurent); and (ii) Kugaaruk, NU, to Saluit, Nunavik (11 stations; CCGS Des Groseilliers; The mesozooplankton communities were sampled during daytime using: (i) Bongo nets (50 cm mouth diameter and 236 mm mesh size) in 2007 and; (ii) an SCOR net (50 cm mouth diameter; 236 mm mesh) in 2009. Both nets were fitted with a TSK flowmeter. Nets were hauled (1 m s 21 ) vertically (once with Bongo nets and twice with the SCOR net) from 100 m to the surface or from 10 m above the bottom where bottom depths were ,100 m. At each station, one sample was preserved in 10% buffered formalin in seawater for taxonomic identification and enumeration and the contents of the other net were frozen (2208C) until analysed for SIs. Back in the lab, a Folsom splitter was used to split the contents of each sample to a subsample consisting of a minimum of 400 individuals. Individuals were counted and identified to species and developmental stage using a dissecting microscope (10Â or 20Â oculars).
SI analysis
Mesozooplankton used for isotopic analysis were sorted by species when possible, freeze dried and then ground to a fine powder using a mortar and pestle. SI analyses were based on two replicate samples (each consisting of 1 -12 whole individuals depending on the size of the organisms). Carbon and nitrogen isotope ratios were determined on separate aliquots because lipid extraction (required for d 13 C analysis; Post et al., 2007) 
alters d
15 N values (Sotiropoulos et al., 2004) . Nitrogen isotope ratios were measured using dried homogenized samples, whereas carbon isotope ratios were carried out following lipid extraction (Folch et al., 1957) using 0.2 g of dried tissue and 10 ml solvent [2:1 chloroform:methanol (v/v)]. The tissue -solvent mixture was sonicated for 15 min, followed by 4 h of gentle shaking at room temperature. The sample was centrifuged for 10 min and the supernatant discarded. This extraction procedure was repeated three times. Zooplankton samples were acidified prior to carbon isotope analysis with the "drop by drop" technique using concentrated HCl (0.1 M) (Mintenbeck et al., 2008) , then dried at 608C to remove moisture.
Processed samples were sent to the Environmental Isotope Laboratory (University of Waterloo, Waterloo, Ontario, Canada) for SI analyses. Carbon and nitrogen isotope ratios were measured using continuous flow ion ratio mass spectrometry, using a GV-Instruments IsoPrime attached to a peripheral temperaturecontrolled Euro Vector elemental analyzer. 
Statistical analyses
The multivariate statistical software PRIMER (Plymouth Routines in Multivariate Ecological Research) version 6 (Clarke and Gorley, 2006 ) was used to address similarities among stations. Statistical analyses of zooplankton SI ratios were performed using R version 2.12.1 (R Development Core Team year 2010). In terms of environmental data, the average temperature and salinity corresponding to the depth range of each plankton tow were used to characterize environmental similarity. All data were normalized to a mean of zero and standard deviation of 1. A similarity profile based on permutation was tested using the SIMPROF routine to group stations with similar (i.e. branch with P , 0.05) normalized temperature and salinity data. Groupings generated using the SIMPROF procedure were validated with a dissimilarity matrix based on Euclidean distance that was used in a hierarchical cluster analysis (routine CLUSTER). Patterns within and among groups of environmental data were also entered into a non-metric multidimensional scaling (nMDS) analysis using the SIMPROF group identifier.
Spatial patterns of zooplankton community composition were assessed separately using a Bray -Curtis similarity index (Bray and Curtis, 1957) on the square-root transformed (sqrt) average abundance of species per station to reduce bias from highly abundant species. The SIMPROF similarity profile permutation test was used as a prerequisite for defining the significance of species assemblages (SIMPROF, P , 0.01). A hierarchical cluster analysis using group average linkage (CLUSTER) and nMDS were applied to the resemblance matrix in order to examine and visualize groupings among stations based on species composition. The SIMPER exploratory analysis routine was used to determine which species contributed most to specific group definition or group separation identified by the CLUSTER and SIMPROF analyses. Possible correlations between the biotic similarity matrix and the abiotic variables were explored using the Bio-Env (BEST) function and Spearman's rank correlation coefficient. The BIOENV routine was used to examine linkage between species composition and water column properties. A one-way analysis of similarity (ANOSIM) was used to test for zooplankton community differences between the groups.
Carbon ( C values were tested for four ubiquitous species sampled across the study area (i.e. the herbivorous and/or omnivorous calanoid copepods Calanus hyperboreus and Calanus glacialis, the carnivorous copepod genus Paraeuchaeta spp., which consisted mostly of P. glacialis but also some P. norvegica, and the omnivorous hyperiid amphipod Themisto libellula) using two-way analysis of variances (ANOVAs) and the Tukey -Kramer HSD test for post hoc comparisons among station groups. Normality of isotopic data was determined using the Shapiro -Wilk's test.
R E S U LT S Oceanography
The similarity test based on SIMPROF analysis of mean temperature and salinity (Table III) revealed five distinct groupings, which were confirmed via hierarchical cluster analysis. The number of stations within a group varied between 2 and 15 ( Fig. 2A) . Group 1 (stations LS4 and LS5) was located in the Labrador Sea and defined by warmer and saltier Atlantic water (Table III; Fig. 1 ). The stations in Group 2 (CAA12 and CAA16; Fig. 1 ) were located in Queen Maud Gulf and Coronation Gulf and were defined by cold water temperature and low salinity indicative of substantial freshwater input (Table III) . Group 3 was characterized by high salinity and a slightly higher water temperature. Although the three stations making up Group 3 were relatively distant, i.e. BB1 along the Greenland coast, DG11 in Foxe Basin and LS1 at the entrance of Belle-Isle Strait, their temperature and salinity characteristics were consistent with Arctic waters flowing west to east into the North Atlantic Ocean. Group 4 stations had cold water temperatures and somewhat fresher waters relative to Group 3. With the exception of the two northernmost stations (DG1 and DG2), Group 4 was composed entirely of stations sampled between Prince Regent Inlet and the northern part of Foxe Basin. The mean temperature and salinity of that grouping are indicative of sea-ice melt water. Lastly, Group 5 consisted of 15 stations characterized by cold and high salinity waters. Most of these stations were located in Northern Baffin Bay and Lancaster Sound. Similar grouping results were obtained when using the average temperature and salinity between the surface and 50 m (not shown). Results from a one-way ANOVA indicated that both temperature (F ¼ 71.205, P , 0.001) and salinity (F ¼ 55.301, P , 0.001) significantly differed among groups.
Zooplankton
In 2007, 93 zooplankton species were identified at the 19 stations sampled, whereas 43 species were identified at the eight stations sampled in 2009. The similarity test based on permutations (SIMPROF) identified eight significantly different groups (P , 0.01) among the 27 sampled stations according to species abundance data (Fig. 2B ). The number of stations within groups varied between 1 and 8 ( Fig. 2B ). Stations within each group were very similar (67-73%) in all cases except in the Gulf of Boothia (58% ;  Table IV ). Stations were also generally close to one another geographically. As a result, species assemblages (n . 2) were named, and will be hereafter referred to on the basis of their general geographical location: (B) Gulf Boothia; (C) Labrador Sea; (F) Arctic Archipelago; (G) Davis Strait and (H) Baffin Bay.
Groups of stations differed markedly in species composition and relative abundance (ANOSIM: R ¼ 0.87, P , 0.001), with the majority being distinct (R values close to 1) from any other groups considered (Tables IV and V) . The P-values for Groups A (DG1), D (LS1) and E (CAA16) were high, despite R values of 1 or close to 1, because they were composed of single stations. The largest cluster, the Arctic Archipelago group (F), was composed of eight stations. The copepods Oithona similis, Copepoda nauplii, Calanus spp. and Pseudocalanus minutus were numerically dominant in this region. The seven stations from the Gulf of Boothia were characterized by P. minutus, Pseudocalanus spp., Copepoda nauplii and Oikopleura sp., whereas the two stations from the Labrador Sea were characterized by Calanus finmarchicus, Oithona atlantica and O. similis. The Davis Strait group also consisted of two stations where Calanus spp., O. similis, C. finmarchicus and C. hyperboreus were the numerically dominant species. Finally, the Baffin Bay group was composed of five stations where O. similis, Metridia longa, C. hyperboreus and P. minutus were the dominant mesozooplankton species. Influence of environmental variables on species assemblages
The best correlation between biological and environmental data occurred when both water temperature and salinity were considered [Bio-Env (BEST) analysis, r s ¼ 0.48]. When considered as a single variable, salinity accounted almost for as much variance (r s ¼ 0.46) as when combined with temperature. Results from the ANOSIM using the environmental groups as a factor revealed a significant difference in zooplankton community composition between each of the five water mass groups (R ¼ 0.65, P , 0.001).
The eight discrete zooplankton assemblages generally corresponded to the limits defined by water mass groupings (Fig. 2B ). Neighbouring stations generally had similar species composition and were grouped together, even though this was usually not the case when considering physico-chemical parameters alone. Exceptions were the two Labrador Sea stations (LS4 and LS5), which were singled out based both on water mass type and zooplankton composition. The two neighbouring stations in Davis Strait (LS7 and BB1) had similar zooplankton composition, even though physico-chemical properties of LS7 were more similar to the neighbouring Baffin Bay stations than the more coastal BB1 station. The latter station was grouped with the one station in Foxe Basin and the southernmost station of Belle-Isle Strait (Table III) . All stations in Baffin Bay were homogenous in terms of species composition, but had salinities and temperatures similar to most stations from the high Arctic (CAA series), and thus were grouped together based on water mass characteristics. Exceptions were the two most westerly stations (CAA16 and CAA12), which were singled out on the basis of water mass characteristics. Although these two stations were deemed to be statistically dissimilar in terms of zooplankton composition, their proximity in the nMDS representation does indicate some degree of relatedness (Fig. 2B) . Stations from the Gulf of Boothia were similar in water mass characteristics and species composition, with the exception of DG1, which was singled out on the basis of species composition.
Species composition and relative abundance followed a latitudinal pattern. This pattern was particularly prominent in the Labrador Sea to Baffin Bay area. For instance, the abundance of C. finmarchicus decreased progressively from the Labrador Sea north into Davis Strait, Baffin Bay and the Arctic Archipelago (Table VI) . Conversely, species such as C. hyperboreus, C. glacialis, Pseudocalanus spp., Microcalanus spp. and M. longa increased in importance when moving north. Oithona similis was virtually absent in the Gulf of Boothia but otherwise abundant at all other stations and particularly numerous in the Labrador Sea region (Table VI) .
The southernmost station, LS1 (Group D), was dominated by C. finmarchicus and O. similis and was singled out on the basis of zooplankton composition. This station shared the characteristics of high salinity and somewhat elevated temperature with the West Greenland and Foxe Basin stations, BB1 and DG11 (Group 3; Fig. 2 ; Table III ). Zooplankton was not sampled at station DG11. Station LS2 was placed in water mass Group 5 (Table III) , characterized as cold and salty and located on the Labrador Sea. The numerically dominant groups at this station were Copepoda nauplii, Calanus spp. and Pseudocalanus spp. and the taxonomic composition placed LS2 in the Arctic Archipelago biotic group (Fig. 2) . 
) of copepod and non-copepod mesozooplankton in five biotic groupings
Mesozooplankton Groups and/or species Labrador Sea (n n 5 2) Davis Strait (n n 5 2) Baffin Bay (n n 5 5) Archipelago (n n 5 7) Gulf of Boothia (n n 5 7) JOURNAL OF PLANKTON RESEARCH j VOLUME 33 j NUMBER 12 j PAGES 1779-1792 j 2011 
Onisimus glacialis ---7.9 8.0 -9.5 8.6 
Calanus glacialis -6.7 8.2 9.3 -9.3 10.7 10.7 -8.9 11.5 8.7 -8.1 9.0 9.0 8.1 -7.9 -8.4 Copepoda Calanus hyperboreus 6.5 7.3 6.8 8.4 9.6 9.1 9.9 9.5 -9.9 10.9 8.5 8.7 7.9 7.7 8.3 8.4 7.5 7.8 - 
Themisto libellula -220.0 219.2 221.1 219.6 221.1 -220.7 219.7 -220.5 219.2 220.1 220.0 220.6 220.2 219.9 220.7 219.9 219.8 219.4 Appendicularia Oikopleura sp.
- 
Calanus finmarchicus 220.6 221.2 219.6 The two deepest Labrador Sea stations, LS4 and LS5, were similar in species composition (Labrador Sea) and water mass (Group 1). These stations had warm water temperature and high salinity (Table III; Fig. 2A) . The most abundant species in this group were C. finmarchicus, O. similis and O. atlantica. This group also had the highest abundance of Euphausiacea spp. (Table VI) .
Moving north to Davis Strait and along the coast of Greenland, we found that stations LS7 and BB1 were similar in species composition (Group Davis Strait) but not water mass characteristics. Stations LS7 and BB1 were very similar in salinity (Table III) , but LS7 was characterized by colder temperature (Group 5) than BB1 (Group 3). The most abundant members of Davis Strait group were O. similis and C. finmarchicus.
The four stations located in central Baffin Bay, BB5, BB9, BB10, B01 and station BEW11 located off the coast of northeast Baffin Island were grouped together based on species composition (Baffin Bay) and were characterized by cold and saline waters (Group 5). The most abundant species for this group of stations were O. similis, M. longa, C. hyperboreus and Pseudocalanus spp. The highest abundance of chaetognaths and amphipods were also found in Baffin Bay (Table VI) .
The remaining stations BB8, BB11, CAA2, CAA4, CAA5 and CAA10 were singled out based on both water mass (Group 5) and species composition (Group Arctic Archipelago). The two westernmost stations in this region (CAA12 and CAA16) were combined with the other stations because of their similar species composition, although they had fresher water (Group 2) and the lowest salinity values measured in this study (Table III) . Oithona similis, Pseudocalanus spp. and Copepoda nauplii dominated the Arctic Archipelago group. The highest abundances of larvaceans, pteropods and Microcalanus spp. were measured in this group (Table VI) .
Stable isotopes
All four species had d Lastly, in the case of T. libellula, the Gulf of Boothia was also significantly different from both Davis Strait (P , 0.05) and Baffin Bay (P , 0.05) (Table VII) .
D I S C U S S I O N
Here we present spatial patterns of mesozooplankton community composition and the SI signatures (d 15 N and d 13 C) of selected zooplankton taxa sampled over an area extending from sub-Arctic Atlantic to the Arctic Archipelago. We identified eight specific mesozooplankton assemblages that could be defined on the basis of temperature and salinity patterns. These biogeographic patterns in mesozooplankton assemblages were also characterized by differences in d 15 N (but not d
13
C) values for the four most common zooplankton species.
Geographical regions defined on the basis of water mass corresponded to the: (i) Labrador Sea; (ii) Davis Strait; (iii) Baffin Bay; (iv) Arctic Archipelago and (v) the Gulf of Boothia. In general, the composition of mesozooplankton communities in our study area varied with water mass characteristics. Although only a few stations within the Labrador Sea and Davis Strait were sampled, we found three distinct biogeographic domains: (i) the Labrador Shelf; (ii) the deep basin of the Labrador Sea and (iii) the northernmost section of Labrador Sea and Davis Strait. Calanus finmarchicus was the species largely responsible for several of the community divisions. This calanoid copepod is a coldtemperate species that dominates the North Atlantic zooplankton biomass (Conover, 1988; Head et al., 2003) and has been used as a tracer of Atlantic waters in sub-Arctic and Arctic areas (Planque et al., 1997; Head et al., 2003) . However, with the exception of the Barents Sea and the European side of the Arctic, C. finmarchicus has a limited distribution in true polar waters and we found no representatives of this species in our samples from the Arctic Archipelago. As expected, the distribution of the three important Arctic copepod species, M. longa, C. glacialis and C. hyperboreus, was associated with cold Arctic waters (Smith and Schnack-Schiel, 1990; Falk-Petersen et al., 2009) and particularly, the cold-core water mass of central Baffin Bay and the polar waters of Lancaster Sound. Curiously, we found a low abundance of these large (Carmack and McLaughlin, 2011) Arctic copepods in the fresher water of the western section of the Archipelago, suggesting that these species are more abundant in cold waters (,08C). It is unlikely that these differences can be attributed to a vertical migration behaviour of Calanus spp. or differences in depth ranges sampled by our nets because zooplankton do not perform diel vertical migration during the midnight sun at high latitudes (Blachowiak-Samolyk et al., 2006) . It is more likely that the low abundances were the result of the hydrodynamic and/or biophysical setting during our sampling. Within the Gulf of Boothia and Fury and Hecla Strait, we found communities dominated by very few large species and advanced developmental stages (adults and pre-overwintering stages). It is likely that the seasonal downward migration had already started at the time of sampling in this area (late summer/early autumn).
The d
C and d
15 N values of zooplankton in our study were within ranges reported for eastern Canadian (Hobson and Welch, 1992; Hobson et al., 2002; C. Pomerleau unpublished data) and European (Soreide et al., 2006) Arctic zooplankton. We found d 15 N to vary spatially in C. glacialis, C. hyperboreus, Paraeuchaeta spp. and T. libellula. Shifts in the d 15 N of particulate nitrogen at the base of the food web, food web structure and seasonal changes during or after the spring/summer bloom may modify and be responsible for the spatial variation of marine zooplankton d 15 N values observed in this study (Goering et al., 1990; Montoya, 1994; Richoux and Froneman, 2011 N values in zooplankton later in summer may result from efficient regeneration via grazing and excretion of nitrogenous nutrients and rapid uptake (Schell et al., 1998) 
. Changes in d
15 N values in zooplankton may also arise from changes in water mass structure, frontal systems and nutrient sources between the different regions associated with the groupings for which we tested spatial differences.
Previous microzooplankton community studies within the northern Atlantic Ocean, Baffin Bay and Lancaster Sound highlight rather variable biomass distribution patterns (Paranjape, 1988; Burkill et al., 1993) . Thus, it is conceivable that variation in mesozooplankton d
15 N values could be attributed to trophic position, but without direct measurements, we cannot rule out regional baseline variation and/or seasonality as in the Gulf of Boothia. Our results suggest that our focal species occupied either different trophic positions within our study area, or that d 15 N of producers (e.g. phytoplankton and POM) changed throughout the study area. As no measurement of SIs for the lower trophic levels was available, we are not able to disentangle these confounding factors. These results highlight the need to measure isotopic variability in primary producers or else take advantage of compound-specific isotopic measurements (e.g. Hannides et al., 2009 ) in order to confidently relate differences in zooplankton isotopic signatures to actual differences in trophic structure and food-web efficiency (Sommer et al., 2002) .
We found no significant patterns or changes in d 13 C between regions, which suggests that spatial variation in those factors (i.e. the contribution of ice versus pelagic POM to zooplankton diets, temperature, and phytoplankton productivity) that could have influenced d 13 C were not sufficiently pronounced to cause regional-scale differences in the species we studied. The lack of any spatial and group-specific differences in d 13 C is remarkable, given the measured differences in d 15 N. In the Southern Ocean, Richoux and Froneman (Richoux and Froneman, 2009) 
C O N C L U S I O N
We found a general correspondence in the spatial patterns of water mass characteristics, species composition and stable nitrogen isotope signatures. The mesozooplankton community composition varied across our study area, which covered Canadian Arctic and sub-Arctic waters, and some of the observed variations in species composition and SI ratios could be in part attributed to variation in temperature and salinity of the associated water masses. Our study suggests that trophic structure of the mesozooplankton community may vary spatially, and these results highlight the need for more detailed work on community-level trophic structure in sub-Arctic and Arctic seas. The predicted continuous warming trend of the ocean surface temperature is expected to favour the growth of smaller phytoplankton cells ( picophytoplankton replacing large diatoms) that in turn would also favor small-sized zooplankton species (Li et al., 2009) . Our study presents a baseline for monitoring a potential shift in species biogeographical range in the Canadian eastern Arctic and sub-Arctic regions including the potential increase in boreal species at higher latitudes.
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